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: (i) restriction theorem (ii) (iii)
smoothing effect 3
3
2 \nearrow \Leftrightarrow P‘\tilde
1 restriction $\mathrm{t}1_{1\mathrm{e}}\mathrm{o}\mathrm{r}\mathrm{e}\ln$ $f(x)$ Fourier $\hat{f}(\xi)$ $\mathbb{R}^{n}$
subset S( $\mathrm{h}_{\mathrm{Y}\mathrm{P}^{\mathrm{e}\mathrm{r}\mathrm{s}}}.\iota\iota \mathrm{r}\mathrm{f}\mathrm{a}\mathrm{c}\mathrm{e}$ .) $f\in L^{1}(\mathbb{R}^{n})$
$.\hat{f}(\xi)|_{\xi\in s}\in L^{\mathrm{x}}(s)$
P. Tomas-E M. Stein [8] : $S$ ( )
$f\in L^{p}(\mathbb{R}^{r\iota})$ $\hat{f}(\xi)|_{\xi\in}s\in L^{2}(S)$
$P$ $1 \leq p\leq\frac{2(n+1)}{n+3}.$.
60
2 resolvent operator $R(\zeta)=(-\Delta-\zeta)-1$
( spectrum $\mathbb{R}_{+}\cup\{0\}$
S. Agmon [1] : $s> \frac{1}{2}$
$|\zeta|^{1}/2||(1+|X|)-S.|u|L2\leq C_{S}||(1+|x|)^{s}(-\Delta-\zeta)u||_{L^{2}}$
$C_{S}$ $\zeta\in \mathbb{C}$ $u$
3 smoothing effect Schr\"odinger
P. Constantin- $\mathrm{J}.\mathrm{C}$ . Saut [3]
$\phi\in L^{2}(\mathbb{R}^{n}.)\Rightarrow|D|1/2e^{-}\Delta it\phi\in L_{lo}^{2}$ $(\mathbb{R}^{n+1})$ .
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$(2 \pi)^{n}1\mathrm{i}\mathrm{n}1\mathrm{I}\zetaarrow\lambda^{2}\in \mathbb{R}+\cdot \mathrm{I}\mathrm{n}1\zeta>0\mathrm{n}1(R(\zeta)f, f)L^{2}=\frac{\pi}{2\lambda}./|.\xi|=\lambda|\hat{f}(\xi)|^{2}dS_{\lambda}$






$R_{\pm}(\lambda)=1\mathrm{i}_{\mathrm{l}}\mathrm{n}\zetaarrow\lambda\in \mathbb{R}+,$ $\mathrm{I}\mathrm{n}\mathrm{u}\zeta<>_{0}R(\zeta)- \text{ _{ } }$













$f\tilde(\tau, \cdot)$ $f$ $t$ Fourier
3
2 A $S^{n-1}$ Laplace-Beltrami
$\Delta=\frac{\partial^{2}}{\partial r^{2}}+\frac{n-1}{r}\frac{\partial}{\partial r}+\frac{\Lambda}{r^{2}}$
$(\gamma\cdot=|x|)$ $-\Lambda$
$\lambda_{k}=k(k+n- 2)-’$ , $k=(),$ $1,2’\ldots.-$
$\lambda_{k}$ ( $k$ ) HI
$H_{k}f(_{\iota^{\prime v}})= \frac{\nu+k}{\nu|6^{\mathrm{v}_{\gamma\iota-}}1|}\int_{|\overline{\omega}|=1}C_{k}\nu(\omega\cdot\tilde{\omega})f(\tilde{\omega}.)d\tilde{\omega}$
$\nu=\frac{n-2}{2}.$, $C_{k}^{\nu}(_{\backslash }z)$ : Gegenbauer ,












2. $n \geq 3,0<\alpha<\frac{1}{2},$ $\alpha’.>.\alpha$
(2) $|||X|^{\alpha}-1(I- \Lambda)\frac{1-2\dot{\alpha}’}{2}|D|2\alpha u||\leq C|\{|x|1-\alpha(-\Delta-\zeta)u||$
$||\cdot||=||\cdot||_{L^{2}(\mathbb{R}^{n}\rangle},$ $C$ $u$ ( $\in \mathbb{C}\backslash (\mathbb{R}_{+}\cup\{0\})$
$(^{*})$
. 2 $(^{*})$
$|||x|^{\alpha-}1(I- \Lambda)\frac{1-2\alpha’}{2}|D|^{2\alpha}u||L^{2}(\mathbb{R}n+1)\leq C|||X|^{1-}\alpha f||L^{2}\Phi n+1)$
$C$ $f$
approach
3. $n\geq 3,$ $\frac{1}{p}-\frac{1}{q}\leq\frac{2}{n},$ $\frac{n+1}{2}<\frac{n}{p}-\frac{1}{q},$ $\frac{n}{q}-\frac{1}{\mathrm{p}}<\frac{n-3}{2}$
$\alpha=1-\frac{n}{2}(\frac{1}{p}-\frac{1}{q})$
(3) $|||D|^{2\alpha}u||Lq\leq C||(-\Delta-\zeta)u||_{L^{\mathrm{p}}}$
$C$ $u$ $\zeta\in \mathbb{C}\backslash (\mathbb{R}+\cup\{0\})$








$(A( \lambda)f, f)=\frac{1}{2}\sum^{\infty}\int k=0.|\omega|=1|\int_{0}^{\infty}J_{\nu+k}(^{\sqrt{\lambda})d}r)r^{n}H_{k}f(_{7}\cdot,$$\omega r|^ 2}/2d\omega$ .






















1 Bessel ( )
(i)
$|(H_{k}B(\lambda)f\backslash ...g)|\leq..C(1+k)^{2\alpha-1}|||x|1-\alpha Hkf||_{I}\lrcorner 2|||X|1-\alpha_{H_{k}||_{r_{\lrcorner}}}g2$
(ii)
$|(H_{k}(B( \lambda)-B(\mu))f. g)|\leq C_{\theta}(1+k\mathrm{I}2\alpha-1|(\lambda\bigvee_{l^{l}},)^{-1}(1+k)|\lambda-\mu||^{\theta/2}$
$-\cross\}||x|1-\alpha Hkf||_{I}\lrcorner 2|||X|^{1\alpha_{H_{kg}||}}-I^{2}\text{ }$ $(0\leq\theta\leq 1)$ .
$\zeta=0$
3. $\alpha$ $0<\alpha<$
$|(|D|2( \alpha-1)f, f)|\leq C||(I-\Lambda)\frac{2\alpha-1}{4}|X|1-\alpha f||_{I^{2}}^{2}\lrcorner$ .
$C$ $f\in C_{0}^{\infty}$ $(\mathbb{R}$“ $)$
$F_{\alpha}= \{\int\in.s’(\mathbb{R}^{n})| 1^{X|^{1-\alpha}}|.,\cdot f.\in L2(\mathbb{R}\prime r.l)\}$.
$c_{(\mathrm{z}_{:}\mathrm{c}x}’= \{f\in s’(\mathbb{R}^{n})|. |x|^{\alpha-1}(I-\Lambda)\frac{1-2\alpha’}{2}f\in L2(\mathbb{R}^{n})\}$.
2 $B(\lambda)$ F $G_{\alpha.\alpha’}$ $( \alpha<\frac{1}{2}, \alpha<(x’)$ , \mbox{\boldmath $\lambda$} $>0$
$\mathrm{H}\dot{\mathrm{c}}$)$\mathrm{l}\mathrm{d}\mathrm{e}\mathrm{r}$ 3 $|D|^{2(1)}\alpha-$
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$|||D|2\alpha(-\Delta-(1\pm i\epsilon.))-1||L(F_{\alpha}.c_{\alpha,\alpha},)$ $\epsilonarrow 0$





$||R_{1}||c(F_{\alpha}.G_{\alpha.C\mathrm{x}},)$ ( 2 )
4. $F_{1}$ $F_{2}$ Banach $P(\lambda)$ $\mathcal{L}(F_{1}, F_{2})$ ( $\lambda>0$ )
H\"older suppori $(0, \infty)$ compact $\lambda=1$
$Q( \zeta)=.\mathit{1}_{0}^{\infty}\frac{P(\lambda)}{\lambda-\zeta}d\lambda$
$\{Q(1\pm i\epsilon)\}_{\mathrm{C}}>0$ $\mathcal{L}(F_{1}, F_{2})$
3 ( $\mathrm{H}’ \mathrm{a}\mathrm{r}\mathrm{d}\mathrm{y}-\mathrm{L}\mathrm{i}\mathrm{t}\mathrm{t}\mathrm{l}\mathrm{e}\mathrm{W}0\mathrm{o}\mathrm{d}-\mathrm{S}_{0}\mathrm{b}01\mathrm{e}\mathrm{v}$






2 $||R_{2}||\mathcal{L}(Lp$ ,L $\epsilonarrow 0$
$||R_{1}||_{\mathcal{L}}(L\mathrm{p},L^{q})$
$K_{z,\zeta}(x-y)$ $(- \Delta-\zeta)z-\frac{n}{2}$ $\mathrm{r}_{+}$
$\Gamma_{+}=\{\zeta\in \mathbb{C}| {\rm Im}\zeta>0, \frac{1}{2}\leq|(|\leq 2\}$





$|K_{z,\zeta}(_{X})| \leq C\frac{e^{c_{||}}{\rm Im} z}{|x|\mu}$
$|K_{z,\zeta}(_{X)}-K_{z}, \zeta’(x)|\leq C\frac{e^{C|{\rm Im}}||z\zeta-\zeta’|^{\theta}}{|x|\mu}$
$\theta=Rez$ $-\mu$
resolvent operator $R(()$




$\theta$ $C$ $u\in C_{0}^{\infty}(\mathbb{R}^{n}),$ $\zeta,$ $\zeta’$
( ) $\mathrm{H}\mathrm{a}\mathrm{r}\mathrm{d}\mathrm{y}-\mathrm{L}\mathrm{i}\mathrm{t}\mathrm{t}\mathrm{l}\mathrm{e}\mathrm{W}\mathrm{O}\mathrm{o}\mathrm{d}- \mathrm{S}_{0}\mathrm{b}\mathrm{o}\mathrm{l}\mathrm{e}\mathrm{v}$
$||(- \Delta-\zeta)z-\frac{\prime\prime}{2}u||_{L^{q}}\leq Ce^{c_{1z|}}.|\mathrm{I}\mathrm{n}1|u|_{L^{p}}\mathrm{I}_{1}$
$||[(- \Delta-\sigma)z-\frac{n}{2}-(-\Delta-\zeta’)^{\mathcal{Z}}-,\frac{\iota}{2}]u||_{I_{J}q}\leq Ce^{c|}|{\rm Im} z|(-\zeta’|^{\theta}||u||_{I_{d}^{p}}$
$- \frac{1}{2}<{\rm Re} z<\frac{1}{2}:1<p<q<\infty.,$ $\max(\mathrm{o}_{\ovalbox{\tt\small REJECT}}.2{\rm Re} Z)\leq n(1-\frac{1}{p}+\frac{1}{q})<{\rm Re} z\wedge+\frac{1}{2}.$,
$\theta={\rm Re} z+_{2}\cdot-n(1-\frac{1}{r^{j}}+\frac{1}{q})$
$|(|\xi|^{2i\gamma}-\zeta)|\leq e^{\pi|\gamma|}$ for $\zeta\in \mathbb{C}$ . $\gamma\in \mathbb{R}$
Plancherel
$||(-\Delta-\zeta)^{i}\gamma u||_{I^{2}},\leq e^{\pi|\gamma|}||u||\iota 2$




$B(\lambda)$ 3 $p.q$ $\mathcal{L}(Lp, Lq)$ H\"older
2 4 $||R_{1}||_{L}(Lp,L^{q})$ $\epsilonarrow 0$
3
( 4 ) 4 3 Hardy-Littlewo$()\mathrm{d}$-Sobolev
Stein-We Riesz
7. (Stein- Weiss) $0<\mu<n$
$T_{\mu}f(_{X})= \int_{\mathbb{R}^{n}}\frac{f(y)}{|x-y|\mu}dy$
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